Abstract: A convenient silver staining method generally used in marking proteins in polyacrylamide gel was applied to stain undecalcified tooth sections for clear observation of fine structures in tooth tissues. Ground sections of teeth were directly soaked and stained with a solution prepared according to the staining protocol. Although modification of the staining procedure might be necessary to establish favorable staining condition in tooth sections, observation of fine structures in tooth sections became easy with the staining technique.
Introduction
Since Bielschowsky (1905) first described his silver impregnation method, silver staining methods have been widely used in histological, pathological and microbiological studies and modifications regarding its use were carried out [1] [2] [3] [4] . In biochemical studies, silver staining technique has been applied to detect proteins or nucleic acids in gel electrophoresis [5] [6] [7] [8] . The steps in silver staining for protein gel electrophoresis are as follows: i) fixing the protein in gel; ii) enhancing the sensitivity and contrast of the staining; iii) staining with either silver nitrate or silverammonia complex solution; iv) developing the silver metal images;
and v) stopping the development 8) . During the developing stage, silver ions and/or silver complex ions binding to protein are reduced to silver metals by an alkaline solution such as formaldehyde 7, 8) . This results to the detection of proteins as colored bands on gel by a process similar to the development of photographic film. Because of its sensitivity, silver staining has gained wide popularity in protein gel electrophoresis. A number of staining protocols for protein gel electrophoresis have been described [7] [8] [9] [10] , and several are commercially available. On the other hand, silver staining method has been also used to observe calcified tooth tissues 11, 12) . Although the staining method is useful to examine the matrix fibers in tooth compared to other staining techniques 12) , staining of tooth specimens requires a lot of skill and great care and decalcification is necessary in particular. If tooth specimens could be stained with silver more conveniently, it would contribute to the histological study of tooth tissues under the light microscope. To our knowledge, there are no reports using silver stain for gel electrophoresis in undecalcified tooth sections. In this study, we attempted to stain undecalcified tooth sections with commercially available staining kits to examine the fine structures of tooth tissues under the light microscope.
Materials and Methods
Ground sections of tooth tissues of about 70 m in thickness were prepared for staining trials. Each section was kept in deionized water until the staining process began to remove formalin from tooth sections. Silver Stain II Kit Wako (Wako Pure Chemical Industries, Ltd.) was used to stain the tooth sections following the manufacturer's protocol. The original protocol of the staining kit requires 6 steps: 1) fixing-1, 2) fixing-2, 3) enhancing, 4) staining, 5) developing, and 6) stopping the reaction 13) . The solutions in steps 2 to 6 were prepared with reagents contained in the kit according to the manufacturer's protocol.
The manufacturer 's staining protocol for protein gel electrophoresis was used for the preliminary staining trials of tooth ground sections as follows. Ground sections placed in shaker were soaked in 50% methanol and 10% acetic acid (fixing-1), followed by placing them in fixing solution (fixing-2), and then in enhancing solution for 10 min each. Then after, tissues were washed with deionized water for 5 min and then placed in staining solution for 15 min in a shaker. Subsequently, sections were washed three times with deionized water for 3 min followed by developing for about 5 min in a shaker. The staining reaction was stopped by adding a certain amount of stopping solution and waited for about 2 min.
Sections were then rinsed with deionized water three times for 2 min and then kept in deionized water until mounting. The staining procedure was performed at 25 ºC. The stained tooth sections were rinsed lightly with 100% acetone to dehydrate and then mounted with Canada balsam. Figure 1 shows the tooth specimen stained with silver for protein gel electrophoresis. Based on the manufacturer's staining protocol, ground sections of teeth can be stained for a short time (about 80 min) without deliberate decalcification. Because cellular cementum showed higher stainability than other tooth tissues, it is considered that the staining largely reflects the organic content of each tooth tissue. Unexpectedly during the experiment, staining of tooth sections by silver was observed even during the staining step before developing in contrast to protein gel electrophoresis wherein protein bands are revealed only after developing observed as brown or black spots. In this experiment, although most of the stained portions of the tooth sections were colored brown or black, a variety of colors such as yellow, green, etc., was detected (Fig.   1c) . The entire cellular cementum was stained and layering pattern of the cementum could be distinguished. The layering pattern is identical to cement lamellae observed in tooth sections before staining. Fine structures such as Sharpey's fibers, corpuscles and canaliculi in the cementum were strongly stained (Fig. 1c) .
Results
However the matrix of acellular cementum showed weak staining and Sharpey's fibers were not constantly observed. The dentinal tubules were strongly stained revealing the lateral and terminal branches in detailed (Fig. 1d) . However, because the entire length of the tubules was not stained, it can be inferred that silver stain could only penetrate portions near the opening of dentinal tubules on polished surface. Growth lines and interglobular dentin were also noted (Fig. 2a) , although patterns similar to dentin were not clearly observed. On the other hand, enamel showed a very weak stain and etching of the enamel by the acidic solutions used in the procedure occurred. Although dentin and enamel matrices were not stained generally, intertubular dentin matrices near the pulp or root dentin were stained partially. However, after mounting, discoloration of the matrices occurred over time (Fig. 2a) .
In present study, we also observed the effects of omitting or extending certain steps in the staining condition. Omission of fixing-1 with 50% methanol and 10% acetic acid had little noticeable effect on the staining results. However, omitting both fixing-1 and 2 produced dirt on the surface of tooth section.
Omitting the stop step also seemed to have no significant effect in the tooth staining, at least, omitting the stop step did not directly cause over-staining and discoloration over time. On the other hand, although extending the soaking time (1 hour) certainly caused dirt on the surface of tooth section and over-staining of dentinal structures. Extending the fixing and stop steps using acidic solutions damaged the tooth ground sections. It was observed that enamel was dissolved by soaking in stopper solution for about 30 min (Fig. 2b) . Also, long time (about 1 hour) soakings in fixing solutions also caused decalcification leading to disarranged enamel prisms.
Discussion
The present study indicated that undecalcified tooth sections can be stained by silver for protein gel electrophoresis (Fig. 1) .
The silver staining method is useful in increasing the contrast of fine structures in cementum and dentin thereby becomes easy to observe. Staining method takes about 80 min based on the manufacture's protocol but our results indicated that the time can be shortened by omitting some steps. In particular, since the first fixation is intended to fix the proteins in gels 8, 13) , it is apparent that this step is not necessary in staining tooth sections. Omission of unnecessary steps in the usual protocol for staining proteins in gel may lead to a more rapid silver staining method for tooth specimen.
Interestingly, staining of tooth sections resulted to various colors as shown in Fig. 1c . The variety of colors in silver staining has been described in previous reports 7, 13, 14) . Chuba and Palchaudhuri 13) mentioned that contents of cysteine residue and other components affect colors in silver staining. Therefore, it can be inferred that the variation in color in the specimens is dependent on the differences in organic content of the tooth. Since the color in silver staining technique 14) corresponds to the differences in protein amino acid composition and is commercially available, application of the technique for staining tooth specimens may be useful to detect the focal differences in organic composition. Unexpectedly, staining of tooth sections showed coloration prior to developing step. In silver staining procedure, reduction of silver ions to silver metals by formaldehyde in developing solution leads to the coloration of proteins 7, 8) . Because formalin-fixed tooth specimens were used in this study, the reduction of silver ions by residual formalin in the specimens might have caused the appearance of various colors during the staining step. To confirm the effect of storage condition to staining, we now have attempted the staining of non-formalin-fixed tooth specimen and observed the changes in stained sections over time.
One of problems encountered in the staining method is the unwanted decalcification of tooth specimens by the acidic components in fixing solution like acetic acid with a pH of about 3 and in stopper solution such as citric acid with a pH of about 2.
Excessive decalcification of tooth sections does not occur in standard staining procedure. The results suggest that modifying certain steps either omitting or shortening the fixing and stopping methods can minimize decalcification caused by acidic solutions.
Another problem is the discoloration of tooth specimens after mounting. Although the exact mechanism of discoloration cannot be elucidated, it may be related to mounting because no discoloration was noted in stained tooth sections kept in deionized water. Modification of the staining procedure including examination of the mounting method should be further investigated to establish favorable staining and storage conditions.
